The increase in gated communities is the most important recent urban phenomenon in Latin America. This article proposes a methodology to identify the morphological features and spatial characteristics of gated communities to map them based on the land cover map and the quality of life index. The importance of this proposal is related to the fact that there are no official statistics on gated communities in most Latin American countries. The proposal was tested in Marília, a medium-sized city in southeastern Brazil. Geographic object-based image analysis with high-resolution satellite images and 2010 demographic census variables were used to support the research procedures. The accuracy of the output was 83.3%. It was found that there is a positive correlation between the quality of life index and the occurrence of high-standard gated communities (golden ghettos). They were mainly identified by the following land cover classes: white painted concrete slabs/light-colored roof tiles, and the existence of pavement, pools, and herbaceous vegetation. In addition to mapping the gated communities, it was possible to classify them according to the categories proposed in the literature (golden ghettos and lifestyle gated communities).
Introduction
In recent years, the number of gated communities (GC) has increased worldwide [1] . They can be defined as closed urban residential areas where public space is legally privatized and access becomes restricted [2] . There is evidence of the occurrence of GC in many countries [1] . Some examples are as follows: Angola [3] , Argentina [4, 5] , Australia [6] , Bahamas [7] , Brazil [8, 9] , Canada [10] , Chile [11] , China [12] [13] [14] [15] , England [16] , Puerto Rico [17] , Portugal [18] , Russia [19] , Saudi Arabia [20] , South Africa [21] , Sudan [22] , United States [23] [24] [25] , and Venezuela [26] . In Latin America, this type of urban change can be considered the most important of the last 30 years [4] . These private, vertical (buildings) and horizontal (houses) GC, separated from the rest of the city by walls, fences, and security facilities, are called "condomínios fechados" in Chile and Brazil, "barrios privados" in Argentina, "conjuntos" or "urbanizaciones cerradas" in Ecuador, and "fraccionamientos cerrados" in Mexico [11] .
The main types of GC are (1) elite, known as "golden ghettos"; (2) those based on "lifestyle", with exclusive access to leisure facilities; and (3) "security zones", which provide protection against violence [24] . Roitman [2] considers that the main causes for their expansion are a growing fear of crime, a search for a better way of life, a desire for a sense of community, a search for social homogeneity, aspirations for greater status, and social distinction.
According to Lemanski [27] , many city dwellers alleviate the fear of violence in two main ways: by urban form, with protective walls, and by altered lifestyle, with the restriction of movement and limited social interaction. Fear of violence is one of the main motivations for the proliferation of GC.
Gated Communities: A Review of the Literature
The approaches to investigate the occurrences of GC have varied significantly, but qualitative methodologies have predominated in the analysis of GC. These include the social homogeneity among the residents in GC addressed by Low [41] , the influence of the global and local economy on the emergence of GC [15] , crime rates [42] , fear and security [4, 8] , and municipal marketing [17] . One of the exceptions is the research by Borsdorf et al. [11] , who analyzed and mapped the GC of the metropolitan area of Santiago de Chile and Valparaiso and presented a model of urban development in Latin American cities.
Mapping and quantifying GC can be a difficult task. The three main reasons for this are that (1) the social patterns (age, ethnicity, income, etc.) of residents in GC may be similar to those in the surrounding area; (2) the socioeconomic patterns of two adjacent census tracts may be different; and (3) there may be incompatibility between the boundaries of GC and those of the census tracts. In addition, there is currently no official statistical information on GC in Latin America: how many GC are there? What are the characteristics of their inhabitants? [4] .
There are few studies that have aimed to systematize the morphological and physical characteristics of GC [43] . Blakely and Snyder [24] pointed out four elements that allow them to be identified: the use of enclosures, security features and barriers, amenities and facilities included, and types of residents. To refine the GC typology, Grant and Mittelsteadt [43] proposed to add four dimensions to categorize and differentiate GC: tenure, location, size, and policy context. Recent studies point to a relationship between some of these elements such as public and private amenities and facilities, location, and size. Woo and Webster [44] , analyzing the GC in Seoul (South Korea), observed a tendency for GC developers to choose sites endowed with public infrastructure, i.e., close to hospitals, supermarkets, department stores, and schools. Small GC, without leisure equipment, are more likely to be located near the city center to allow their residents free access to public infrastructures and assets. However, large GC with private leisure infrastructures tend to be located far from the central areas, increasing the attractiveness of the location to private enterprises and increasing the political demand for public goods provided by the government [44] .
This trend can also be observed in the cities of Latin America. According to Sabatini and Salcedo [45] , there is a tendency for GC to move away from the city center (provided with urban infrastructures). New GC in Latin America are located mainly in the expanding urban peripheries near low-income neighborhoods that are deprived of urban infrastructure, which results in lower land prices that attract large enterprises, such as GC. In most cases, the location of GC in the peripheries is later accompanied by commercial enterprises, office complexes, and a political demand for the installation of public infrastructures [45] . They also argue that what allows GC to settle in low-income neighborhoods is the use of enclosures, security features, and barriers, which isolate them from the surrounding area.
Although classifications always simplify reality, and considering that there is a degree of local variability in gating [43] , some morphological and physical features are present in most GC, such as recreational facilities (for example, swimming pools and sports courts) [4, 8, 23, 24, 28, 46] , civil infrastructures (private roads) [47] , and the presence of green areas and lakes [4, 8, 28, 43] . Therefore, we assume that these elements (the presence of recreational facilities, size, and location) combined with the social indices (types of residents), as indicated by the QOLI, allow the mapping and quantification of GC.
Study Area
Marília is a municipality in the State of São Paulo (SP), Brazil, with an area of 1170 km 2 [48] . It is a medium-sized city with 216,745 inhabitants [49] . Its intra-urban space has an "X" format ( Figure 1 ). types of residents. To refine the GC typology, Grant and Mittelsteadt [43] proposed to add four dimensions to categorize and differentiate GC: tenure, location, size, and policy context. Recent studies point to a relationship between some of these elements such as public and private amenities and facilities, location, and size. Woo and Webster [44] , analyzing the GC in Seoul (South Korea), observed a tendency for GC developers to choose sites endowed with public infrastructure, i.e., close to hospitals, supermarkets, department stores, and schools. Small GC, without leisure equipment, are more likely to be located near the city center to allow their residents free access to public infrastructures and assets. However, large GC with private leisure infrastructures tend to be located far from the central areas, increasing the attractiveness of the location to private enterprises and increasing the political demand for public goods provided by the government [44] .
Marília is a municipality in the State of São Paulo (SP), Brazil, with an area of 1170 km 2 [48] . It is a medium-sized city with 216,745 inhabitants [49] . Its intra-urban space has an "X" format ( Figure 1 ). The city has a subtropical climate [50] , with an annual average temperature of 26.3 °C. The average minimum temperature is 13.5 °C, and the average maximum temperature is 26.2 °C. In summer, maximum temperatures above 39 °C can occur [51] , which stimulates the construction of The city has a subtropical climate [50] , with an annual average temperature of 26.3 • C. The average minimum temperature is 13.5 • C, and the average maximum temperature is 26.2 • C. In summer, maximum temperatures above 39 • C can occur [51] , which stimulates the construction of residential swimming pools and the search for building materials that prevent residences from absorbing heat.
By Brazilian standards, the HDI (human development index) of Marília can be considered high (0.788) [48] . Although the HDI may have historically contributed to the municipality's low crime rates, in 2005, Marília presented one of the highest crime rates in the region, and in the current period (2016-2017) it has shown a sharp increase in crime rates and violence [52] .
Borsdorf et al. [11] points to the fact that GC can be observed in large and medium-sized cities throughout the continent of Latin America. When analyzing a medium-sized city in Brazil (Marília, São Paulo State), we observe that the existing features in GC are representative and consistent with those aspects presented in the literature review.
GC in Marília present characteristics similar to those described by Blakely and Snyder [24] . Thus, the concepts of GC for lifestyle and social prestige (golden ghettos) were adopted. The concept of lifestyle is characterized by the sharing of leisure structures among the residents. Those with a more prestigious social status, which value the privacy and safety of the residents more with a smaller number of common areas and larger residential lots, were classified as golden ghettos.
Methodology
The article proposes a methodology to (1) identify and map GCs using their morphological and physical features as well as the quality of life characteristics of their inhabitants. It is based on the analysis of the statistical correlation between the QOLI and LCC. The main idea is that by combining these features with social indices, which point to the characteristics of its inhabitants, it is possible to distinguish GC from non-gated areas. In addition, GC have some variable features, such as size and the presence of recreational facilities, (2) that allow us to classify them into two categories: lifestyle and golden ghettos, according to the typology proposed by Blakely and Snyder [24] .
The procedures were as follows: (1) composition of the QOLI, (2) satellite image classification, (3) census tract dasymetric analysis to determine areas of LCC, (4) statistical correlation between the QOLI and the LCC areas, and (5) classification of GC based on the statistical correlation and LCC ( Figure 2 ). The Pearson correlation coefficient (ρ) was used to measure the degree and direction of the correlation between the QOLI and the LCC maps of Marília. The correlation results were used to classify the areas of the city in non-gated communities (NGC)/GC and to categorize the types of GC into golden ghettos or lifestyle. [48] . Although the HDI may have historically contributed to the municipality's low crime rates, in 2005, Marília presented one of the highest crime rates in the region, and in the current period (2016-2017) it has shown a sharp increase in crime rates and violence [52] . Borsdorf et al. [11] points to the fact that GC can be observed in large and medium-sized cities throughout the continent of Latin America. When analyzing a medium-sized city in Brazil (Marília, São Paulo State), we observe that the existing features in GC are representative and consistent with those aspects presented in the literature review.
The procedures were as follows: (1) composition of the QOLI, (2) satellite image classification, (3) census tract dasymetric analysis to determine areas of LCC, (4) statistical correlation between the QOLI and the LCC areas, and (5) classification of GC based on the statistical correlation and LCC ( Figure 2 ). The Pearson correlation coefficient (ρ) was used to measure the degree and direction of the correlation between the QOLI and the LCC maps of Marília. The correlation results were used to classify the areas of the city in non-gated communities (NGC)/GC and to categorize the types of GC into golden ghettos or lifestyle. 
The Quality of Life Index (QOLI)
The QOLI summarizes the attributes of households and their inhabitants. It was created from the 2010 Brazilian Institute of Geography and Statistics [49] demographic census data. Data from the demographic census were used and grouped by census tracts (smallest collection unit). The QOLI Equation (1) comprises an arithmetic mean of the following indicators: household environmental quality (HEQI), education (EDUI), and economy (ECOI). Each census tract received a value according to formulation:
The variables used to construct the indicators, adapted after Jannuzzi [53] , were as follows:
• Household environmental quality indicator (HEQI): burned garbage, buried garbage, collected garbage, network sewer system, rudimentary cesspit or ditch, and network water supply (normalized arithmetic mean of the variables); 
Land Cover Classes (LCC)
GEOBIA was used to develop the land cover map of Marília's urban land, following Benz et al. [40] . We used e-Cognition software by Trimble (http://www.ecognition.com/suite/ecognition-developer) and an 18/08/2010 WorldView-II satellite image with a spatial resolution of 2 m in the multispectral bands (blue, green, red, and near infrared) and 0.50 m in the panchromatic band as input.
The interpretation key was elaborated from a visual interpretation and consists of an a priori systematization of the land cover classes (and their respective context, shape, and texture) that were classified semi-automatically using GEOBIA techniques. It considered 12 LCC: arboreal and shrub vegetation, herbaceous vegetation, rivers, lakes, shadows, bare soil, pavement, ceramic roofs, cement/asbestos roofs, painted concrete slab roofs/light-colored roof tiles, aluminum roofs, and swimming pools ( Figure 3) .
The WorldView-II image was segmented using multiresolution segmentation (Fractal Net Evolution Approach-FNEA algorithm) and the following parameters: scale 30, compactness 0.6, and shape 0.4. The decision tree, with the thresholds and parameters for the implementation of the classification rules in the e-Cognition software (Trimble: Munich; Germany), is summarized in Figure 4 . The decision tree was developed using the criteria presented in Figure 3 , and shows the selection and order of the inbuilt variables that were used in e-Cognition to classify the LCC. Table 1 Measures how symmetrical the objects are:
Describes how well (x) an image object fits into a circle (C); values are between 1 (perfect fit) and 0 (no fit)
Describes how well (x) an image object fits into an ellipse (E); values are between 1 (perfect fit) and 0 (no fit) 
The measure of sensitivity to the presence of near diagonal elements in a GLCM (gray level co-occurrence matrix) N g is the number of gray levels and g(j, j) is the entry i,j in the GLCM To evaluate and validate the LCC classification, 440 random points of ground truth data were used to compose a confusion matrix ( Table 2 ). The percentage of samples for each class was not pre-determined; rather, it followed the criterion of randomness. A kappa index was calculated from the confusion matrix results.
Census Tract Dasymetry
The census tract dasymetric analyses were used to determine areas of LCC inside the census tracts. The areas were used to determine the statistical correlation between the QOLI and the LCC areas (Table 3) . By applying this procedure, it was also possible to determine the correlation between the coverage classes ( Table 4 ). The Pearson correlation coefficient (ρ) was used to measure the degree and direction of the correlation between the QOLI and the LCC and between each of the LCC. We used a Statistical Package for the Social Sciences (SPSS) from IBM (https://www.ibm.com/marketplace/ spss-statistics) to calculate the correlation between the variables.
The basic principle of dasymetric mapping is to subdivide the original zones into smaller spatial units, increasing the internal consistency of the mapped variable [54, 55] . Dasymetric procedures were applied to the census tracts to ensure the homogeneity of the LCC areas and to consider only built-up areas, eliminating the edge effect of the census tracts. A sample of 10% of the census tracts in each of the following classes was used: low, medium-low, medium-high, and high quality of life (total of 31 tracts), which can be observed in Figure 5 . The areas were computed using GIS software.
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Mapping the Gated Communities
The results of the statistical correlation between the LCC and the QOLI allowed the classification of the city areas between NGC and GC and allowed the categorization of GC into golden ghettos or lifestyle. The results (QOLI and LCC) were implemented along with the WorldView-II satellite image in the e-Cognition software and the information provided by the correlations between the QOLI and LCC and between each LCC were used to classify the city areas between gated and non-gated communities.
Control non-gated areas within the census tracts, whose population had high socioeconomic levels and high values of the QOLI, were adopted ( Figure 6 ) in order to evaluate whether there was the occurrence of false positive classification errors.
The thresholds and classification parameters to classify GC based on the statistical correlation result contributed to eliminating the influence of the confounding factors of the image classification, such as areas with the same type of LCC as GC that were considered non-gated.
The subtle differences in the QOLI values allowed us to categorize GC between golden ghettos (with higher values of the QOLI and slightly larger areas) and lifestyle. Golden ghettos, adopted in this paper, are high-standard GC that can be easily identified by the size of the residences and urban plots (swimming pools and herbaceous and arboreal vegetation-landscaping) and their high socioeconomic, educational, environmental quality, and quality of life indices, as illustrated by the Garden Park (a) in Figure 7 . Hence, these enclaves may be considered a type of "business card" that symbolizes the identity of their residents [56] . Lifestyle (b) GC were differentiated by the presence of a single collective leisure area and smaller lots (Figure 7) . The indices show values close to those of the golden ghettos; however, they present a subtly minor value of the QOLI. 
The subtle differences in the QOLI values allowed us to categorize GC between golden ghettos (with higher values of the QOLI and slightly larger areas) and lifestyle. Golden ghettos, adopted in this paper, are high-standard GC that can be easily identified by the size of the residences and urban plots (swimming pools and herbaceous and arboreal vegetation-landscaping) and their high socioeconomic, educational, environmental quality, and quality of life indices, as illustrated by the Garden Park (a) in Figure 7 . Hence, these enclaves may be considered a type of "business card" that symbolizes the identity of their residents [56] . Lifestyle (b) GC were differentiated by the presence of a single collective leisure area and smaller lots (Figure 7) . The indices show values close to those of the golden ghettos; however, they present a subtly minor value of the QOLI. The decision tree for the classification rules for mapping GC (e-Cognition software) is summarized in Figure 8 . It is important to mention that the variables used to classify GC, such as Brightness, Asymmetry, and Area, are inbuilt variables in the e-Cognition software (Table 1 ). The decision tree for the classification rules for mapping GC (e-Cognition software) is summarized in Figure 8 . It is important to mention that the variables used to classify GC, such as Brightness, Asymmetry, and Area, are inbuilt variables in the e-Cognition software (Table 1 ). The decision tree for the classification rules for mapping GC (e-Cognition software) is summarized in Figure 8 . It is important to mention that the variables used to classify GC, such as Brightness, Asymmetry, and Area, are inbuilt variables in the e-Cognition software (Table 1) . 
Results
The QOLI map is shown in Figure 9 . The LCC map evaluation is presented in the confusion matrix (Table 2) . A kappa index of 0.86 was computed. 
The QOLI map is shown in Figure 9 . The LCC map evaluation is presented in the confusion matrix (Table 2) . A kappa index of 0.86 was computed. Analyzing Table 2 , it can be concluded that the LCC that presented the least errors of omission (0%) and commission (0%) was the class "lakes"; however, only 1.1% random sample evaluated this class. Regarding the roofing classes, the class with the best observed agreement was the "painted white concrete slab/light-colored roof tiles", with 2.66% error of omission and 8% error of commission. The class with the largest error was "ceramic roofs", with a significant percentage that was confused with "bare soil" (32.85% error of omission and 30% error of commission). The statistical correlation between the indices and the LCC data resulted in the correlation matrix ( Table 3 
Positive Correlation between Indices and Cover Classes
There was a positive correlation between the arboreal vegetation and the quality of life (0.429), environmental quality (0.753), and educational (0.537) indices, as shown in Table 3 . The environmental quality index does not refer to the existence or lack of green coverage, but rather to the provision of basic sanitation services such as water supply, garbage collection by a cleaning service, and a sewer system. These data show that the tracts with the largest amount of arboreal vegetation, due to residential patterns with wooded lots or greater tree coverage for streets and avenues, tend to have high environmental quality, quality of life, educational, and socioeconomic indices, as shown in Figure 10 . Table 3 also reveals a relationship between the herbaceous plant coverage density and the resident population's socioeconomic level indicators (0.437). An association among the quality of life, socioeconomic status, population income level, and vegetation coverage of the location where the population resides can be observed.
The positive correlation between "pools" and the QOLI (0.667), educational index (0.508), and socioeconomic index (0.934), as shown in Table 3 , reveals high socioeconomic status residential patterns, which often occurs in GC in Marília. It is considered that these aspects characterize the process of self-segregation by the high social classes, which Caldeira [8] calls "fortified enclaves"; this is made explicit in the correlation, as shown in Figure 11 . 
The positive correlation between "pools" and the QOLI (0.667), educational index (0.508), and socioeconomic index (0.934), as shown in Table 3 , reveals high socioeconomic status residential patterns, which often occurs in GC in Marília. It is considered that these aspects characterize the process of self-segregation by the high social classes, which Caldeira [8] calls "fortified enclaves"; this is made explicit in the correlation, as shown in Figure 11 . Table 3 .
Positive and significant correlations between "pavement" and the quality of life (0.485), environmental quality (0.727), and educational (0.460) indices show that the municipality's sewer system and water supply are linked to the existence of asphalt pavement (sewer pipes and water run under the road's pavement layer). Although basic sanitation services and road infrastructure have almost universal coverage in Marília, they are absent in areas of expansion and urban growth. Table 4 illustrates that the "herbaceous vegetation" and "arboreal vegetation" classes have a significant and positive correlation (0.474). There are indications that the two classes have a neighboring relationship; that is, they occur together, and when this relationship does not occur, it is because one exists at the expense of the other.
Intra-Urban Land Cover Class Correlations
The positive correlations of "herbaceous vegetation" with the "pools" (0.555) and "lakes" (0.723) classes and between the "arboreal vegetation" and "lakes" (0.5) classes seem to be explained by architectural characteristics, given that these leisure facilities are often included in landscaping projects. The "herbaceous vegetation" and "pools" classes, as illustrated in Figure 12 , are examples of this context, given that many gardens that have pools are adorned with lawns and herbaceous vegetation. The same process also seems to occur with the "arboreal vegetation" and "lakes" (0.5) classes. The two classes occur together because they are leisure facilities. Table 3 .
The positive correlations of "herbaceous vegetation" with the "pools" (0.555) and "lakes" (0.723) classes and between the "arboreal vegetation" and "lakes" (0.5) classes seem to be explained by architectural characteristics, given that these leisure facilities are often included in landscaping projects. The "herbaceous vegetation" and "pools" classes, as illustrated in Figure 12 , are examples of this context, given that many gardens that have pools are adorned with lawns and herbaceous vegetation. The same process also seems to occur with the "arboreal vegetation" and "lakes" (0.5) classes. The two classes occur together because they are leisure facilities. Table 4 also illustrates a positive and significant correlation between the "pools" and "white painted concrete slabs/light-colored roof tiles" (0.671) classes, which demonstrates that the high-income population resides in houses with painted concrete roof tiles or light-colored roof tiles and with pools, whereas the low-income population resides in housing without "pools" and with "cement/asbestos roof tiles" (−0.412).
The negative correlation of "arboreal vegetation" with the "ceramic roof tiles" (−0.529) and "cement/asbestos roof tiles" (−0.494) classes shows that denser tracts (more built-up areas) with a lower percentage of arboreal vegetation have these types of roofs. It can be observed from Figure 13 that ceramic roof tiles and asbestos cement roof tiles are often found to have a neighboring relationship and are used in Marília mostly in tracts where the socioeconomic index is medium-low. Table 4 also illustrates a positive and significant correlation between the "pools" and "white painted concrete slabs/light-colored roof tiles" (0.671) classes, which demonstrates that the high-income population resides in houses with painted concrete roof tiles or light-colored roof tiles and with pools, whereas the low-income population resides in housing without "pools" and with "cement/asbestos roof tiles" (−0.412).
The negative correlation of "arboreal vegetation" with the "ceramic roof tiles" (−0.529) and "cement/asbestos roof tiles" (−0.494) classes shows that denser tracts (more built-up areas) with a lower percentage of arboreal vegetation have these types of roofs. It can be observed from Figure 13 that ceramic roof tiles and asbestos cement roof tiles are often found to have a neighboring relationship and are used in Marília mostly in tracts where the socioeconomic index is medium-low. 
Positive Correlation between the QOLI and the Presence of GC
The GC classification was analyzed statistically. A linear regression was adopted between the QOLI and the presence of GC in the census tract using a dummy variable. It was found that the census tracts that contain GC had a QOLI between 0.76 and 0.78. Hence, the urban areas were classified as NGC (<0.76 and >0.78) and GC (between 0.76 and 0.78).
To reduce the influence of confounding factors on the GC classification, the "white painted concrete slab/light-colored roof tiles" class was used to eliminate NGC within the census tract classified as high quality of life ( Figure 8 ). As shown, in the control areas of high quality of life/high socioeconomic level index (Figure 6 ), independent of the census tract, the GC stand out for their white painted concrete slab/light-colored roof tiles and high brightness values (Figure 11) .
To classify the GC into lifestyle and golden ghettos, the QOLI was used. The golden ghettos were identified in the range between 0.772 and 0.787, and the lifestyle GC were between 0.763 and 0.767.
The GC map of Marília is presented in Figure 14 . Six GC were classified out of the seven existing in the city. The results indicate that the combination of the QOLI and the LCC show an 83.33% success rate. The 16.67% misclassification occurred because the morphological features of one GC did not allow its classification. Considered the oldest in the city, the only unclassified GC had a similar morphology to the control areas (ceramic roof tiles, smaller lots, and fewer swimming pools). For this reason, it was mistakenly classified as non-gated. 
The GC map of Marília is presented in Figure 14 . Six GC were classified out of the seven existing in the city. The results indicate that the combination of the QOLI and the LCC show an 83.33% success rate. The 16.67% misclassification occurred because the morphological features of one GC did not allow its classification. Considered the oldest in the city, the only unclassified GC had a similar morphology to the control areas (ceramic roof tiles, smaller lots, and fewer swimming pools). For this reason, it was mistakenly classified as non-gated. It was observed that more recently built GC tend to use painted white concrete slabs or light-colored roof tiles. These form roofs that have a high reflectance of sunlight, which contribute to soften the internal temperature of the buildings but are more expensive. This can be explained by the high temperature averages of the region and by the high solar incidence throughout the whole year [58] .
Painted white concrete slabs or light-colored roof tiles can be observed in high-standard NGC as well. However, with the mixture of ceramic roof tiles from neighboring houses (Figure 6 ), the roof It was observed that more recently built GC tend to use painted white concrete slabs or light-colored roof tiles. These form roofs that have a high reflectance of sunlight, which contribute to soften the internal temperature of the buildings but are more expensive. This can be explained by the high temperature averages of the region and by the high solar incidence throughout the whole year [58] .
Painted white concrete slabs or light-colored roof tiles can be observed in high-standard NGC as well. However, with the mixture of ceramic roof tiles from neighboring houses (Figure 6 ), the roof areas are insignificant. False positive errors did not occur in the classification, because besides brightness, the area was used as a feature to classify the GC.
Discussion
The discussion will be presented in two directions: (1) the approach's limitations and contributions and (2) the adaptability of the methodology for the mapping of GC in other cities.
First, is important to state that the methodology proposed in this article can contribute to updating official statistics on GC, as mentioned by Coy and Pöhler [4] . This method aims to quantify the GC and to determine their respective categories. The proposed methodology can also contribute to characterize the effects on urban segregation, as addressed by Le Goix [46] . The spatial characterization of GC tends to minimize the incompatibility between census tract boundaries and the boundaries of GC, as well as to discriminate the socioeconomic patterns of adjacent or discontinuous census tracts that are identified and characterized by the variation in land cover. It can be observed that for areas with a high socioeconomic level and QOLI, neighbors with GC or within the limits of the respective census tract have mostly ceramic roof tiles. Combining the QOLI with the LCC of painted concrete slab/light-colored roof tiles, it was possible to classify only the GC and to eliminate the confounding factors.
The positive correlation between the LCC and QOLI of the Marília population was also used to classify and categorize two main types of existing GC, as noted by Blakely and Snyder [24] : the elite, known as the golden ghettos, and the lifestyle type, with exclusive access to leisure facilities. A determinant factor for GC categorization (in golden ghettos and lifestyle GC) was size. Woo and Webster [44] previously commented on the relationship between size and private leisure infrastructure.
One of the limitations of the proposed methodology is that it was not possible to characterize or identify the third type of GC, known as security zones [24] . The fact that we could not identify security zone GC might be explained by the following: (1) urban violence is not necessarily expressed spatially; (2) there is a history of low crime rates in Marília; (3) walls and private security systems are common elements in all types of GC, sot was not possible to detect a unique security zone type feature in satellite images; and 4) satellite image resolution is poorly suited to identifying external walls/boundaries.
Another limitation is that the data used were able to classify only the horizontal GC (characterized by gated houses). Although, there are verticals GC (buildings) in Marília, the difficulty of representing the height of the buildings using the presented data did not allow their identification, and as a result, they were classified as non-gated. GC in the initial stage of implementation without built-up areas were also not possible to classify. In addition, they were considered as non-gated, since the characteristics of the residential building materials and built-up areas consitute the basis of the classification.
The land cover classification was based on GEOBIA. This has been shown to be an effective method for analyzing high-spatial resolution images and heterogeneous areas such as intra-urban spaces. The proposed method allowed the semi-automatic input of photointerpretation features such as geometry and texture into the classification rules. GEOBIA provided a means to overcome the limitations of traditional pixel-to-pixel classifications that commonly confuse urban elements due to internal spectral variation [39] . In addition, in comparison to the manual classifications by photointerpretation, it is a method that demands less time and reduces the subjectivity of the analyzer, since it strictly uses numerical data. The quality of the cartographic product was fundamental to the methodology. It is considered that the greater the accuracy of the mapping process, the better the result of the analysis should be.
It is also important to highlight that the QOLI is based on quantitative data, which express characteristics such as socioeconomic level, educational level, and access to basic infrastructure services (sewage system and water supply). A high quality of life, in this case, would not be associated with inhabiting GC but rather with having access to the minimum conditions of urban infrastructure. The census tracts with low quality of life values have other elements that characterize residential segregation, such as the presence of vertical and horizontal housing complexes.
It is considered that the results obtained for Marília (Brazil) can be easily reproducible and adaptable to other urban areas. This statement is based on the fact that, although there are local variations, some morphological and physical characteristics are common in most GC [43] , such as recreational facilities (such as swimming pools and sports courts) [4, 8, 23, 24, 28, 43, 46] , civil infrastructures (private roads) [43, 47] , and the presence of green areas and lakes [4, 8, 28, 43] . Additionally, the internal social homogeneity of the condominiums but external heterogeneity is recurrent in relation to other social groups in other cities [59].
Final Considerations
The proposed methodology allowed the spatial characterization of gated communities in the city of Marília, with an accuracy of 83.33%. The positive correlation between the quality of life index and the land cover allowed us to classify and map the golden ghetto and lifestyle categories of gated communities as well as to quantify them. These two categories presented similar quality of life index values, but their morphological characteristics allowed an unequivocal distinction. The confounding factors of the satellite image classification were reduced using land cover map classes: white painted concrete slab roofs/light-colored roof tiles, pavement, swimming pools, and herbaceous vegetation as a landscape feature.
It is considered that this methodology can be adapted to classify the gated communities of other cities using the local characteristics. This methodology can be improved in future research by exploring the density of objects such as swimming pools. The use of LiDAR (Light Detection and Ranging) data may overcome the problem of classifying vertical gated communities. This laser scanning system allows the development of accurate three-dimensional maps and improves the accuracy of the land cover map classification.
The results obtained illustrate that this type of urban segregation, or self-segregation, follows classic principles established in the literature: the gated communities tend to be located in areas with a good urban infrastructure, with access to water and sewer systems through the general network and easy access to the road network; moreover, their residents have a medium to high income and high educational levels (there are no head of households or people over 10 years of age who are illiterate). 
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